search, electric stimuli or drugs for activation or inactivationing suppresses the auditory responses at the BFs of collicular and cortical neurons unmatched in BF to tion were applied to cortical neurons that were electrophysiologically characterized, and the effects of the frequency of the conditioning tone and facilitates responses at the frequencies between the collicular or activation or inactivation on subcortical neurons or nearby cortical neurons were evaluated with regard to cortical BF and the frequency of the conditioning tone. These frequency-dependent corticofugal effects shift the relationship in tuning between stimulated or inactivated cortical neurons and recorded subcortical or the BFs and frequency-tuning curves of collicular and cortical neurons toward the frequency of the conditionnearby cortical neurons. These data are reviewed in the current article. Since fear conditioning (tone bursts ing tone ( Figure 1A) . Namely, the conditioning evokes centripetal BF shifts. Such centripetal BF shifts result followed by electric leg stimulation), repetitive tone burst stimulation, cortical electric stimulation, and drug appliin the expanded representation of the frequency equal to or near the frequency of the conditioning tone in the cations are unnatural, these stimuli were kept as weak and short as possible in our research.
IC and AC. The centripetal BF shifts of collicular and cortical neurons can also be evoked by a tone burst repetitively frequency-tuning curves. On the other hand, the condi- pected to be the same as or larger than the collicular one. As described above, however, the cortical BF shift can be smaller than the collicular one. How this is possiforebrain during the paired stimulation of the AC and ble is an interesting puzzle to be solved. Cortical layer the somatosensory cortex evokes the long-term collicu-IV neurons may follow the thalamic inputs, but cortical lar and cortical BF shifts, which last ‫5.5ف‬ and ‫5.7ف‬ hr, neurons in the other layers may not follow these. respectively Suga, 2001a, 2002) . The reorganizations of the auditory cortex and subcorselmo, 1995, for review) may also modulate it. tical auditory nuclei can easily be evoked by electric The long-term cortical BF shift probably represents stimulation of the auditory cortex (AC) or auditory fear memory for improved auditory signal processing in the conditioning. The reorganizations depend on the balfrequency domain. Weinberger (1998) stated that "physance between facilitation and lateral inhibition, which iological memory is enduring neuronal change suffipresumably evoke centripetal and centrifugal shifts of ciently specific to represent learned information" and neural tuning curves, respectively. Pharmacological hypothesized that "physiological memory in the auditory elimination of inhibition from the AC reversibly changes cortex is not procedural memory, i.e., is not tied to any centrifugal shifts of tuning curves into centripetal shifts. behavioral conditioned responses, but can be used flexiThat is, it reversibly changes compressed reorganization bly." We completely agree with his definition and hyto expanded reorganization. pothesis of physiological memory.
Effects of Acetylcholine and
The changes in response properties of auditory neurons and the reorganization of the AC probably represents physiological memory (Weinberger, 1998) for Multiparametric Corticofugal Modulation Animal sounds, including human speech sounds, are improved auditory signal processing. Cellular and molecular mechanisms of learning and memory have been characterized by multiple parameters. The central auditory system produces various types of neurons tuned extensively explored (see Kandel, 2001 , for review). However, the neural circuits for the reorganizations of to different acoustic parameters other than a single frequency (see Suga,1984 Suga, , 1994 ; and Covey and Casseday, the mammalian sensory systems have not. The corticofugal system plays an important role in improving 1999, for review). If corticofugal modulation occurs only in the frequency domain, the improvement and adjustand adjusting auditory signal processing in the cortex and subcortical nuclei. In the mustached bat, specific and sysment (reorganization) of the central auditory system for auditory signal processing would be partial. Corticofugal tematic corticofugal modulation occurs even for the frequency tuning of cochlear hair cells. The reorganizations modulation apparently occurs in a specific and systematic way according to the relationship in tuning between of subcortical auditory nuclei and hair cells are short
